The antimony atom in the crystal structure of [ammonium (rram-cyclohexane-1,2-diaminetetraacetato)antimonate(III)] [ammonium chloride], which is (4Ο + 2Ν) chelated by the diaminetetracarboxylato group [Sb-0= 2.216(5), 2.433(6), Sb-N = 2.325(5) A], exists in a ψ-pentagonal bipyramidal geometry in which the lone pair occupies an equatorial site.
Introduction
The VSEPR model [1] incorrectly predicts the molecular geometries for a number of the heavier congeners of subvalent fourth-group metal compounds owing to the stereochemical inactivity of the lone pair of electrons [2] . Stereochemical inertness is also noted for some fifth group metal compounds; in particular, the bismuth(IIl) complexes of polyaminocarboxylates display no stereochemical activity [3] , as seen from the cubic environment found in the di(nitrilotriacetato)bismuthate(III) trianion [4] . Owing to the smaller size of the antimony atom compared with the bismuth atom, lone pair effects dominate, these deforming the polyhedra of antimony(III) compounds. When a diaminepolycarboxylato ligand chelates in a hexadentate (4Ο + 2N) manner, the resulting polyhedron assumes a distorted ψ-pentagonal bipyramid and the lone pair will be either axially or equatorially positioned [5] , The triaminepolycarboxylato ligand is able to give rise to ψ-pentagonal bipyramidal as well as the ψ-monocapped square antiprismatic geometries [6] . For such antimony(III) complexes, however, the correct geometry should assigned only when all weaker or secondary interactions have been included [7] ; these interactions are typically intermediate between normal covalent bond lengths and van der Waals distances. The (cyclohexane-1,2-diaminetetraacetato)antimonate(III) anion has been characterized as its hydrated sodium salt; the three water molecules engage in extensive hydrogen bonding, and appear to be necessary to consolidate the structure [8] . In the present study, the sodium cation is replaced by the ammonium counterion, but the synthesis gave the ammonium antimonate(III) as a 1/1 complex with ammonium chloride (Scheme I). Its crystal structure and the polyhedral distortion are discussed in terms of the displacement of the antimony atom from the 'best' centroid of the coordination polyhedron [9] .
Experimental
Sodium antimony 1 tartarate (3.5 g, 5.7 mmol), prepared by treating antimony oxide with racemic tartaric acid and sodium hydroxide [10] was dissolved in water (25 mL), and the solution was acidified with concentrated hydrochloric acid (2 mL). The filtered solution was added dropwise to a soltuion of iram-cyclohexane-1,2-diaminetetraacetic acid (2.0 g, 5.7 mmol) dissolved in a mixture of water (128 mL) and IN ammonia (22 mL). The mixture was heated under reflux for 5 h. The solution was concentrated to about 5 mL; the colorless crystals that precipitated have no definite melting point, but begin to decompose 
The displacement of the antimony atom from the center of its coordination polyhedron was calculated by using the IVTON program [12] . The displacement and those of other antimony(III) and bismuth(III) polyaminocarboxylates are listed in Table 2 ; bond valence parameters taken from the literature [13] are used as default values in the computations.
Results and Discussion
The crystal structure consists of (;ram-cyclohexane-l,2-diaminetetraacetato)antimonate(lI[) and chloride anions, and ammonium cations. The antimony atom lies on a two-fold axis (Fig. 1) ; this axis passes through the antimony atom and also through the mid-point of the bond joining the 1,2-carbon atoms of the cyclohexyl ring. The antimonate anion is linked to two adjacent anions through two carboxyl oxygen atoms (Fig. 2) to result in a linear polyanionic chain; adjacent chains are linked by hydrogen bonds involving the ammonium counterion and the chloride anion into an infinite two-dimensional network. If only covalent bonds are considered, the antimony atom displays the ψ-pentagonal bipyramid coordination The coordination polyhedron can also be thought of as being intermediate between an octahedron and a trigonal prism, if dihedral angles are used in defining the polyhedron [14] . More importantly, however, the secondary coordination sphere of the antimony atom should include the carboxyl oxygen atom (01) belonging to two adjacent antimonate anions, which are both at a distance much shorter than the van der Waals distance of 3.60 A [15] (Fig. 2) . These interactions [Sb Ο = 3.154(6) Ä] raise the coordination number of the antimony to eight, so that the coordination geometry assumes the shape of a disorted dodecahedron. When both the covalent and weak bonds are considered, the bond valence sums of the antimony atom approaches three.
Relevant structural parameters for antimony and bismuth polyaminocarboxylates are listed in Table 2 ,which shows that the lengths of secondary antinomy-oxygen bonds range from 2.880 to 3.512 A. Interestingly, the range is somewhat nearer the lower limit for the bismuth analogs; the range, from only 2.612 to 2.883 Ä, implicates the absence of deformation arising from the lone pair, allowing the oxygen atoms belonging to adjacent anions to approach the metal atom at a much closer distance. For the two metal systems, the ranges correspond to partial bond valences of 0.086 to 0.016, and 0.244 to 0.117.
The lower congeners of the subvalent p-block elements typically feature a lone pair that deforms coordination polyhedra, and the antimony(III) atom in polyaminocarboxylates exist in distorted polyhedra [5, 6] , Among the approaches to measure quantitively polyhedral irregularity or deformation, the displacement of the metal atom from the center of the polyhedron has been used as an indication of the stereochemical activity of the s 2 lone pair [9] , These displacements vary from 0.49 to 0.89 Ä, which compares with a range of 0.08 to 0.30 A for the bismuth(III) systems, a value of 0 implying a perfect polyhedron. The calculations suggest that the lone pairs in the antimony(III) polyaminocarboxylates are sufficiently stereoactive that the antimonate moiety in the title compound should be denoted as [Sb(polyaminocarboxylat)(lone pair)], as should the other antimonates(III) listed in Table 2 [26], Abbreviations: H4edta = ethylene-1,2-diaminetetraacetic acid, H 4 cdta = cyclohexane-l,2-diaminetetraacetic acid, H 4 pdta = propylene-1,2-diaminetetraacetic acid, Ade = adenine, H 3 hdta = jV-(ß-hydoxyethyl)ethylene-1,2-diaminetriacetic acid. SAP = square antiprism, DDH = dodecahedron, PB = pentagonal bipyramid, BTP = bicapped trigonal prism. c Only one of the independent bismuth atoms is considered. Atomic coordinates taken from the literature [24] ; the polyhedron is described as a dodecahedron in [25] , described as a bicapped octahedron in [22] . 
